Abstract. Thin films evaporation of distilled water, ethanol and HFE-7100 liquid was experimentally studied. The dependences of heat transfer coefficients in time were determined. It has been established that with a decrease in the layer thickness of distilled water and ethanol, the heat transfer coefficient increases. For the HFE liquid, the nature of the change is different: as the time increases, the heat transfer coefficient decreases.
Introduction
At present, development of industries (metallurgy, microelectronics, etc.) is proceeding along the path of increasing the energy saturation of equipment [1] [2] [3] . One particular problem of technique is the creation of systems for thermal operating conditions of the equipment [4, 5] . To solve this, it is necessary to create energy efficient systems based on phase transitions [6] [7] [8] . Thin films of liquids are used in industrial technologies, for example, for cooling locally heated surfaces [9, 10] .
The heat transfer coefficient determines the intensity of heat transfer and characterized the liquid-vapor or liquid-air interface. The layer thickness is one of the significant factors affecting the heat transfer coefficient under evaporation conditions of a thin liquid film on the heat exchange surface.
The objective of the present work was to determine experimentally the change of the heat transfer coefficient in time when thin engineering fluids evaporate.
Methods and materials
The research was conducted on the experimental setup simulating the conditions of boiling and evaporation of liquid thin layers [11] . The principle of its operation and the procedure for carrying out the experiments are given in [12] .
In the experiments, we used a stainless steel substrate with a diameter of 50 mm and a thickness of 2 mm. Distilled water, ethanol and methoxy-nonafluorobutane (HFE-7100) were used as the test liquids. The material was chosen due to wide usage in heat exchangers, significant differences in thermal properties (the effect of properties on the characteristics of Matec Web of Conferences heat transfer). The initial thickness of the layer for ethanol was 1 mm, distilled water and liquid HFE-7100 was 1.5 mm, which corresponds to liquid volumes of 2 ml for ethanol and 3 ml for distilled water and HFE-7100 liquid. The choice of layer thickness was due to the ratio of adhesion forces to internal cohesion, which prevented a uniform spreading of the layer over the substrate surface. It is revealed that the stainless steel substrate used in the experiment investigation was not wetted by distilled water (contact angle more than 90°).
The heat flux from the surface of heat exchange to the layer was determined from the temperature gradient in two different sections along the height of the plate:
where  is the thermal conductivity of the copper plate, W/(mK); l is thickness of copper plate (10 mm), m; d is plate diameter (50 mm), m; T  is the temperature gradient between the upper and lower sections of the plate, K. The temperature of the plate section is determined as the average value of the thermocouple readings located in one cross section in height.
When analyzing data, it was assumed that the curvature of the interface with a change in layer height occurs only in a very narrow region at the edge of the layer.
The density of the heat flux was determined by the formula:
where S is the heat exchange surface area, m 2 . The heat transfer coefficient was calculated by the formula:
where q is heat flux density, W/m 2 ; S T is vapor temperature above the surface of the liquid, o С; W T is the temperature of the substrate was assumed to be equal to the temperature of the upper surface of the metal plate in the center, o С.
Results and discussion
The dependences of heat transfer coefficient on time for ethanol, distilled water and HFE-7100 liquid are presented in Figures 1-3 . 
Matec Web of Conferences
According to the analysis of dependences (Fig. 1-3 ) allows us to conclude that with a decrease in the thickness of the liquid layer, the heat transfer coefficient increases for ethanol and distilled water. The rate of change in the heat transfer coefficient is shown in Fig. 4 . ) as a function of temperature. The latter is explained by the fact that temperatures over 78 °C are greater than the boiling point. When underheated to boiling (10-15 °C), the heat transfer coefficient varies insignificantly compared with evaporation at boiling point and overheating. With a decrease in underheating to the boiling point, a significant increase in the heat transfer coefficient occurred. At temperature of 75 °C (close to the boiling point), the heat transfer coefficient is the maximum 5750-6250 W/(m 2°C ) (Fig. 1) . At temperatures above the boiling point, the coefficient decreases, and with a superheat of 10-20 °C, the nature of the latter's change is the same.
Three regions of the change in the heat transfer coefficient for distilled water could be distinguished ( ). At boiling (temperature 100 °С) the heat exchange processes took place most intensively; therefore the change in the heat transfer coefficient is maximal.
For the liquid HFE, the nature of the change is different: with increasing time, the coefficient decreases by 1000-1750 W/(m 2°C ). The latter is due to the rapidity of the evaporation process, the large molecular mass of the liquid HFE and properties specificity of the refrigerant. In 30-35 seconds, a quasi-stationary regime occurs, the heat transfer coefficient varies insignificantly, as can be seen from Fig. 3 . Heat and mass transfer in the thermal control system of technical and technological energy equipment
Conclusion
Experimental studies on the thin layers evaporation of ethanol, distilled water, HFE-7100, have been carried out. The changes in the heat transfer coefficient over time were determined. It has been established that with decrease in the thickness of the liquid layer, the heat transfer coefficient increases for ethanol (from 4500 to 6250 W / (m 2°C )) and distilled water (from 2400 to 3400 W / (m 2°C )). For the HFE liquid, the nature of the change is different. As the time increases, the heat transfer coefficient decreases by 1000-1750 W / (m 2°C ).
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